Riboflavin afforded the mutagenic effect on transforming deoxyribonucleic acid (DNA) from Bacillus subtilis through photodynamic action, and upon the addition of adenine to the irradiation mixture the mutagenic effect was greatly accelerated. Most of auxotrophic mutants among the transformants required tryptophan or tyrosine. The mutation was closely correlated with the photodynamic inactivation of the DNA, and it was suggested that both the inactivation and the mutation were caused by the selective photodegradation of guanine residues in DNA.
Riboflavin afforded the mutagenic effect on transforming deoxyribonucleic acid (DNA) from Bacillus subtilis through photodynamic action, and upon the addition of adenine to the irradiation mixture the mutagenic effect was greatly accelerated. Most of auxotrophic mutants among the transformants required tryptophan or tyrosine. The mutation was closely correlated with the photodynamic inactivation of the DNA, and it was suggested that both the inactivation and the mutation were caused by the selective photodegradation of guanine residues in DNA.
Treatment of transforming DNA with ni trous acid or hydroxylamine in vitro has been shown to result in the reduction of transform ing activity of the DNA and to lead to the induction of mutations in transformants (1) (2) (3) .
Previous experiments have indicated that transforming DNA from B. subtilis is inacti vated by irradiation with visible light in the presence of riboflavin (4) , and that the ribofla vin-sensitized photoinactivation of the DNA is markedly accelerated by the addition of adenine (5) . Therefore it is of interest to determine whether or not riboflavin affords the mutagenic effect on transforming DNA through photo dynamic action, and whether or not adenine has ability to accelerate the induction of muta tions.
It is the purpose of this paper to clarify the photodynamic mutagenic effect of riboflavin, together with the accelerative effect of adenine. RESULTS AND DISCUSSION 1. Photodynamic Mutagenic Activity of Riboflavin for Transforming DNA Attempt to examine the mutagenic effect of riboflavin was made by the modification of transforming DNA obtained from strain 1.68 (ind-, his2+) by irradiation with visible light in the presence of riboflavin, followed by introduc tion of the irradiated DNA into a recipient strain SB25 (ind-, hiss-) to produce histidine prototrophs, and by detection of auxotrophic mutants among the newly obtained histidine prototrophs.
MATERIALS AND METHODS

Materials
The results shown in Fig. 1 demonstrate that the frequency of mutations increases with time of irradiation of transforming DNA in the presence of riboflavin. Treatment of the DNA with riboflavin in the dark or irradiation without riboflavin did not afford any effect on the frequency of mutations. The new nutri tional requirements for 42 mutants here isolated are shown in Table 1 . The frequent appear ance of the requirement for tryptophan or tyrosine in auxotrophic mutants is noteworthy. This is interpreted in terms of the close linkage of tryptophan and tyrosine genes to the histi dine gene (1, 8) . Considering of the accelerative effect of adenine on the photodynamic inactivation of transforming DNA (5), the effect of adenine on the photodynamic mutagenic activity of riboflavin was examined. Fig. 1 also shows that the induction of mutations is greatly accelerated by the addi tion of adenine. As shown in Table 1, the  induced  nutritional requirements were not changed by the addition of adenine. Treatment with riboflavin and adenine, or their photo chemical products in the dark did not produce any mutagenic effect on transforming DNA as shown in Table 2 . On the other hand, guanine inhibited the induction of mutations by the photodynamic action of riboflavin as was observed in the photodynamic inactivation of the DNA (5).
Correlation between the Inactivation and the Mutation
On the basis of the above facts, it was expected that the mutation was closely corre lated with the inactivation of the DNA. In Fig. 2 it was indicated that a plot of the loga rithm of the frequency of mutations versus the logarithm of the residual transforming ac tivity gave a straight line regardless of whether adenine was present or not. This linear rela tionship suggests that both the inactivation and the mutation may be caused by the same pho tochemical process, probably the photodegrada Lion of guanine residues in DNA. Actually it was found that the irradiation of B. suhtilis DNA in the presence of riboflavin caused the selective degradation of guanine residues in DNA and that the photodegradation of guanine residues was markedly accelerated by the addi tion of adenine (9) .
In the present study it is shown that ribo flavin proves to be mutagenic toward trans forming DNA in combination with visible light. This observation leads to speculation that riboflavin may play a part in inducing muta tions in biological systems. In this respect, it is interesting to note that in Escherichia coli, flavins have been regarded as the chromophore for visible light mutagenesis (10) . To gain further insight into these problems, efforts to induce mutations in Bacillus suhtilis and other bacteria by the irradiation of the cells with visible light in the presence of riboflavin are now in progress.
